Twelve compounds were isolated from Winged Sumac (Rhus copallinum) fruit and their structures were elucidated on the basis of NMR and mass spectral data. The isolates included a new galloyl derivative, (R)-galloyl malic acid dimethyl ester (1), and eleven known compounds, gallic acid (2), methyl gallate (3), glucogallin (4), methyl m-digallate (5), methyl p-digallate (6), quercetin (7), myricetin (8), rhamnazin (9), kaempferol (10), betulinic acid (11), and oleanolic acid (12). All of the compounds were evaluated for antiproliferative effects against human colon tumorigenic (HCT-116, Caco-2) and nontumorigenic (CCD18-Co) cell lines.
The Rhus genus (family, Anacardiaceae), commonly known as Sumac, contains over 250 members distributed in temperate and tropical regions of the world [1a-1c] . Phytochemical studies of Rhus species have revealed that they primarily contain phenolic compounds including gallic acid derivatives [1a-1c] . R. copallinum L. (Winged Sumac) is native to eastern North America and its fruit has been utilized as a medicine by the Native Americans [1d]. To date, there have been no published studies on Winged Sumac. Here we describe the isolation, structure elucidation and antiproliferative effects of a new galloyl derivative (1) in addition to eleven known compounds (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
Compound 1 was obtained as a colorless amorphous solid with a molecular formula of C 13 H 14 O 9 , as determined by the HRESIMS ion at m/z 313.1800 [M-H] -(calcd for C 13 H 13 O 9 , 313.0560). The IR absorptions revealed the presence of hydroxy (3415 cm -1 ) and ester carbonyl (1765, 1720 cm -1 ) functionalities. In the 1 H NMR spectrum, two aromatic signals at δ 7.05 (2H, s) were observed, as well as an oxygenated methine proton at δ 5.58 (1H, t, J = 6.4 Hz), methylene protons at δ 3.00 (2H, d, J = 6.4 Hz) and two sets of methoxy proton signals at 3.70 (3H, s) and 3.78 (3H, s). The 13 C-NMR spectrum showed signals indicative of a galloyl moiety at δ 110.1 (2×C), 120.5, 140.2, 148.2 (2×C), 168.1, as well as an oxygenated methine carbon at δ 70.2, a methylene carbon at δ 38.2, and two methoxy carbons at δ 52.1 and 52.3. Detailed analysis of the 1D-and 2D-NMR data (including 1 H-1 H COSY, HSQC, HMBC) allowed the establishment of the structure of 1. The 1 H-1 H COSY correlation of H-2/H-3 and the HMBC correlations from H-2 to C-4, from H-3 to C-1, and from the methoxy protons to the ester carbonyls, indicated the presence of a malic acid dimethyl ester moiety ( Figure 1A ). The HMBC correlation between H-2 and C-7′ implied that the galloyl group was attached to C-2 of the malic acid dimethyl ester moiety. The absolute configuration of compound 1 was determined by comparing its specific rotation with that of the previously reported compound, (S)-benzoyl malic acid (1a) [1e]. Compound 1a possesses an S configuration and has a negative value for its specific rotation i.e. [α] D = -7 ( Figure 1B ). Thus, we were able to assign compound 1 with an R configuration based on its specific rotation being a positive value i.e. [α] D = +21. Consideration of all of the above data led to the elucidation of compound 1 as (R)-2-O-galloyl malic acid dimethyl ester. Eleven known compounds were also isolated from Winged Sumac fruit. They were identified as gallic acid (2) 
Extraction and isolation:
Rhus copallinum fruit (278.0 g) was blended with methanol (3 × 400 mL) at room temperature and allowed to stir for 12 h. The filtrate afforded a dried extract (150.0 g) after solvent removal in vacuo. First, the extract (120.0 g) was reconstituted in methanol-water (1:1, v/v), adsorbed onto an Amberlite XAD-16 resin column (45 × 3 cm) and eluted with a gradient system of methanol in water (0:100 to 100:0, v/v) to afford 6 major fractions: A1-A6. Fraction A1 (1.1 g) was further purified by semi-preparative HPLC using a Waters Sunfire Prep C18 column (250 x 10 mm i.d., 5 m; flow 2 mL/min), with an isocratic solvent system of 20% methanol in water (0.1% aqueous trifluoroacetic acid) to afford compounds 2 (gallic acid; 20 mg) and 3 (methyl gallate; 10.5 mg). Based on similar HPLC profiles, fractions A2 and A3 were combined into fraction B1 (9.5 g). Fraction B1 was subjected to silica gel CC with a gradient solvent system of methanol in chloroform (15:1 to 3:1, v/v) to afford subfractions C1, C2 and C3. Subfraction C1 (168.2 mg) was further purified by C18 MPLC (column: 37 x 5.5 cm) with a gradient solvent system of methanol in water (20:80 to 90:10, v/v) to afford compound 4 (glucogallin; 4.5 mg). Subfraction C2 (60.0 mg) was purified on a Sephadex LH-20 column (45 x 2.5 cm) eluting with methanol to afford compound 5 (methyl m-digallate; 8.0 mg). Similarly, subfraction C3 (50.0 mg) was purified on a Sephadex LH-20 column with a gradient solvent system of methanol in water to afford compounds 6 (methyl p-digallate; 9 mg) and 1 (galloyl malic acid dimethyl ester; 3.1 mg). Fraction A4 (1.6 g) was subjected to C18 MPLC (column: 37 x 5.5 cm) with a gradient solvent system of methanol in water (40:60 to 100:0, v/v) to afford compounds 7 (quercetin; 40.5 mg) and 8 (myricetin; 6.0 mg). Fraction A5 (1.5 g) was further purified on a silica gel column using a gradient eluting system of chloroform in methanol (20:1 v/v to 5:1 v/v) to afford compounds 9 (rhamnazin; 1.0 mg) and 10 (kaempferol; 3.2 mg). Similarly, fraction A6 (2.0 g) was purified on a silica gel column with a gradient solvent system of n-hexane in acetone (10:1 to 2:1, v/v) to afford compounds 11 (betulinic acid; 2.5 mg) and 12 (oleanolic acid; 1.0 mg). 
